Summary
In a reverse electro dialysis (RED) power is produced from the chemical potential difference between salt-and freshwater using ion-selective membranes. In order to make a RED plant commercially feasible, huge amounts of salt-and freshwater are needed. At the Afsluitdijk, salt water can be derived from the Wadden Sea and freshwater can be derived from Lake IJssel. The water from the Wadden Sea, however, contains high concentrations of suspended particles (on average ca 50 g l -1
).
These particles adversely affect the efficiency of the plant and need to be removed from the water before it enters the membrane stacks. In this report the possibilities to pre-filter the water with shellfish is explored based on literature and model calculations.
Shellfish are effective filter feeders that filter organic and inorganic particles larger than 2 -5 µm from the water with their gills. Clearance rates are species specific and depend on the size of the organism, temperature and water quality. Blue mussels and Pacific oysters have high clearance rates and depending on the size, one mussel or oyster can filter between 2 to 8 litre of water per hour. The inorganic particles that are filtered by the shellfish are excreted as faeces or pseudofaeces and deposited.
Two configurations have been studied for the pre-filtration of Wadden Sea water with shellfish by model simulations. A flume system filled with shellfish where a continuous water flow enters the flume a one side and leaves the flume at the other side. The other system consists of a series of coupled tanks filled with shellfish. Both systems show comparable filtration efficiencies. With the models, is it shown that mussels and Pacific oysters are more efficient to filter the suspended particles from the water than European oysters and cockles. The smaller the shellfish, the higher the filtration rates for a certain biomass.
The model simulations show that a filtration efficiency of 100% by shellfish only is not realistic. This is because the shellfish need to have a certain amount of food (algae) in the water to survive. Additional (mechanical) filtration, therefore, is essential. A filtration efficiency of 50% is feasible. However, since large amounts of Wadden Sea water is needed, large amounts of suspended sediment will be produced by the shellfish. For a 1 MW plant, more than 4 tons sediment needs to be removed out of the water. Assuming half of that will be filtered by the shellfish, more than 2 tons needs to be removed from the shellfish filtration system. This has to be taken into account in the design of the filtration systems. Moreover, large amounts of shellfish are needed. For a 1 MW plant half a million Pacific oysters are needed to filter 50% of the suspended particles from the water. It has to be studied whether the conditions within the filtration systems are good enough for the shellfish to survive for a longer time and eventually to grow.
Probably mussels from the seed mussel collectors (MZI's) in the Wadden Sea are a good option to be used in the filtration systems. The small mussels have a relatively high filtration rate. If the conditions within the filtration system can be controlled in such a way that the survival of the mussels is higher than on the culture plots in the Wadden Sea, the mussels can be sold back to the mussel farmers the next year to be seeded at their culture plots.
In the next phase (WP3) of this project, an experimental set-up will be made with a flume and/or coupled tank system. Measurements will be done to verify the model calculations and to monitor the quality of the shellfish within the system.
1 Introduction
Project environmental effects Blue Energy
The term Blue Energy is used for energy derived from the salinity difference between fresh water and salt water. The main and best investigated techniques are pressure-retarded osmosis (PRO) and reverse electro dialysis (RED) (Boon and Van Roij, 2011) . In 2014, a test site for a 50 kW reverse electrodialysis plant was built on the Afsluitdijk in the Netherlands. This plant uses salt water from the Wadden Sea and an equal amount of fresh water from Lake IJssel. The brackish process water, with a salinity of about 15 ppt is discharged into the Wadden Sea.
For commercial purposes the plant should be scaled-up to about 100 MW, requiring large amounts of water from lake IJssel and the Wadden Sea. During discussions with stakeholders, a number of potential environmental effects have been identified such as removal of pelagic organisms (algae, zooplankton, (jelly)fish), inorganic suspended particles, changes in current patterns in the Wadden Sea and a change in salinity gradients.
In order to study the environmental effects of a Blue Energy plant in the Afsluitdijk, the project This report is a product of task 1.4 (inventory of possibilities of pre-filtration of the marine water from the Wadden Sea with shellfish) within WP1. The results of this study will be used in WP3, where a filtration system with shellfish will be constructed and tested on the site.
Reverse electro dialysis
Reverse electro dialysis is a technique to retrieve energy from the difference in salt concentration between seawater and freshwater (Weinstein and Leitz, 1976; Post e.a., 2008) . A reverse electro dialysis system uses ion-exchange membranes to separate salt from seawater and controls the mixing of ions between the solutions. One type of membrane allows positive charged ions to pass (cationexchange membrane) and the other allows negatively charged ions to pass (anion-exchange membrane). Salt water and freshwater are led through a stack of alternating cation and anion exchange membranes (Figure 1 ). The chemical potential difference between salt-and freshwater generates a voltage over each membranes, and the total potential of the system is the sum of the potential differences over all membranes. Stacking cells with alternating anion and cation exchange membranes create a system that is capable of generating high voltages. 
Problem definition
The water from the Wadden Sea is full of inorganic and organic particles. These particles adversely affect the efficiency of the RED process by clogging to the membranes. Presently a pre-filtration of the water is achieved with drum filters with a mesh size of 20-25 µm. Particles smaller than 20 µm (silt, bacteria, phytoplankton) will not be retained on the drum filter and will pass to the RED systems.
Shellfish can affectively filter particles down to a size of 2-5 µm from the water with their gills and can therefore be used to pre-filter the water. The questions to be answered in this inventory study are:
1. Can shellfish be used to pre-filter the water?
2. Which shellfish species can be used?
3. How many shellfish are needed for pre-filtration of the water from the Wadden Sea?
4. How should a pre-filtration system with shellfish be constructed?
Approach
This report is the result of a literature study in combination with modelling exercises. From literature, information on clearance rates are derived for different shellfish species. This literature information is used to construct models for pre-filtration of water using shellfish. With these models, various designs are evaluated on filtration efficiency. Also sensitivity analyses were run to study the sensitivity of the model to the different input parameters. The models are used to calculate the required dimensions of a shellfish filtration system for different production values of a RED power plant.
1.52 Shellfish filtration 2.1 Filter feeding Suspension-feeding lamellibranchiate bivalves pump water over their gills by the activity of the lateral cilia of their gills which creates the water flow. The pumping rate is actively controlled by the asynchronous beating of lateral cilia on gill filaments. This creates a water current, which flows into the inhalant siphon, through the spaces between the gill filaments and then out of the exhalent siphon. The effective pumping rate is determined by the autonomous activity of the lateral cilia and the various musculature that affects the shell gape, the exhaling siphon area and the interfilamentary distance of the gill (Riisgård, 2001a; Cranford e.a., 2011) . Bivalves like the blue mussel (Mytilus edulis) and Pacific oyster (Crassostrea gigas) are non-selective filter-feeders, meaning they do not discriminate between individual food particles. They feed by actively filtering particles from the water (for reviews, see Jørgensen, 1996 ; Cranford e.a., 2011), which passes into and out of the mantle cavity through the frilled siphons (Figure 2 , Figure 3 and Figure 4 ). The gills retain all particles greater than 2 -5 μm with 100% efficiency (Vahl, 1972; Bayne e.a., 1977 ) and the filtered material is then transferred to the food grooves (ciliary tracts) on the gills and on to the labial palps ( Figure 2 ). The function of the labial palps is the continuous removal of materials from the lamellar food tracts, whether to be ingested as food or to be rejected as pseudofaeces (Foster-Smith, 1974) . Respiration simultaneously occurs as this stream of water passes over the mussels' gills (Figure 4 A). (Clausen and Riisgård, 1996) . Mussels have shown the ability to adapt their palp size to variable total particulate matter (TPM)
concentrations (Essink, 1999) . Furthermore, M. edulis can adapt its filtration and ingestion rate to the particle concentration (Clausen and Riisgård, 1996) and particle size (Strohmeier e.a., 2012) in the water. At very low particle concentrations (< 0.25 mg l -1 ), all suspended material (> 2 -5 μm diameter) is filtered by the gill, ingested through the mouth and transported to the digestive gland for digestion (Thompson and Bayne, 1974; Widdows, 1978) . As the seston concentration increases, the digestive gland cannot digest and assimilate all the material entering the stomach. Such excess material, after bypassing the digestive gland, is transported through the gut undigested and rejected as intestinal faeces (Vanweel, 1961; Bayne e.a., 1993) . The ratio of intestinal to glandular faeces, therefore, increases with increasing ingestion rate (mg h -1 ), which is reflected in a decline in assimilation efficiency (Thompson and Bayne, 1974; Widdows, 1978) . Ingestion rate increases with increasing particle concentration and organic matter content (Bayne e.a., 1993 ) until a threshold (~4
, value is dependent on body size) is reached, above which further material filtered by the gills is carried away from the mouth by rejection tracts on the labial palps and deposited as pseudofaeces (Thompson and Bayne, 1974) . The amount of pseudofaeces produced can range from zero at 3 mg l ) (Bayne e.a., 1993) . It has been shown that for an average mussel of 3 cm of length, the maximum filtration occurs at TPM-concentrations of ~125 mg l -1
. At ~225 mg l -1 , the filtering capacity decreases to ~30%
and ceased at a TPM concentration of ~250 mg l -1 (Widdows e.a., 1979) . More recent studies did not test the effect of such high TPM concentrations on mussels, however, Bayne e.a. (1993) showed that TPM concentration above the critical value of 4 mg l -1 resulted in an increased rejection (pseudofaeces production) with time (Table 1) . For Pacific oysters, similar values as for mussels are observed. In filtration experiments with pacific oysters from the Bay of Marennes-Oléron in France, it was shown that, filtration rate was reduced at TPM levels higher than 150 mg l -1
(Barillé e.a., 1997).
The selection efficiency, i.e. the efficiency with which filtered material is sorted in organic and inorganic fractions prior to ingestion, is shown to decrease under increasing organic content of the seston. The absorption efficiency, the efficiency by which the organic fraction of ingested material is absorbed by the animal, increases with the increase in concentration of particulate organic matter (POM) (Bayne e.a., 1993).
Clearance rates
Pumping rate (PR, l h . Pumping rates of bivalves show often an allometric relation with body size (Jørgensen and Marais, 1990 ).
• where a and b are fitted parameters. The allometric exponent (b) describes how fast the rate increases relative to body size.
Clearance rate (CR; l h -1
) is a more generally used measure of water processing and is defined as the volume of water cleared of particles per unit time. Clearance and pumping rates are equal if all particles in the inhalant current are removed from suspension. Small particles (<2 µm diameter are not effectively retained by most species. Therefore, clearance rates should be measured for a particle size that is retained by the species with 100% efficiency. Clearance rates can be measured indirectly by measuring changes in particle concentrations due to the suspension feeding activity of bivalves.
Under laboratory conditions, at optimal food concentrations, the valves of the bivalves are fully open and maximum clearance rates can be measured. Generic maximum clearance rates ( Figure 5 
Figure 5: Average maximum clearance rate (CR max ) as a function of shell length (mm) and dry tissue weight (g). Relation is based on 13 bivalve species.
The water pumping and clearance rate may be actively controlled (Cranford e.a., 2011) by changing the activity of the lateral cilia of the gill that create the water flow, and by controlling various musculature that affects the shell gape, exhalent siphon area and interfilamentary distance of the gill of shellfish.
Cranford e.a. (2011) give an overview of measured clearance and pumping rates for 21 bivalve species. There is quite some variance in parameters between the different studies. For M. edulis for example, the calculated values for parameter a range from 1.57 to 1.98 and for parameter b they range from 0.38 to 0.70 (Table 2) . Thompson ( The relations from Table 2 . The clearance rates of cockles (Cerastoderma edule) are lower, but also the size in terms of tissue dry weight is lower.
The filtration rates presented in Table 2 and Figure 6 , might be an underestimation of the true filtration rates since many of the data come from measurements in filtration chambers (Cranford, 2001; Riisgård, 2001b; c) . In those filtration chambers, small particles might not be 100% efficiently retained by the gills, or due to insufficient mixing the exhalent water might become part of the inhalant water.
The filtration rate of shellfish is depending on the water temperature. In general the filtration rate increases with temperature up till an optimum (Bougrier e.a., 1995b) . As a consequence the clearance rates during winter time will be lower than during summer time.
For this study we have selected one relations from Table 2 for each species. The selection was based on the number of individuals and the size range of the shellfish that was used in the experiments. The relationship between individual clearance rates and tissue dry weight that was used in this study are:
Cockle: 
Pseudofaeces production
Filter feeding shellfish do not only filter algae out of the water with their gills, but also inorganic suspended particles are retained. Organic-rich particles are selectively ingested and inorganic particles are preferentially rejected by the mussels with pseudofaeces. High concentrations of inorganic particles have negative effects on the food uptake rates by food dilution and pseudofaeces production.
Mussels and oysters can efficiently counteract the food diluting effect of suspended particulate matter by selective sorting of particles, by increasing their clearance and ingestion rates, by utilizing food attached to the silt and/or by achieving a higher utilization of ingested algae (Kiørboe e.a., 1980) .
Pseudofaeces can comprise inorganic matter, such as silt, or excess phytoplankton cells. The rate of pseudofaeces production increases with the concentration of inorganic particles in the water (Widdows e.a., 1979) , but also at high algae concentrations, the excess algae are egested as pseudofaeces (Riisgård e.a., 2011) .
The sinking velocity of faeces and pseudofaeces is dependent on the size of the particles. Sinking velocities for faeces from mussels are about 0.6 cm sec -1
. Sinking velocities for pseudofaeces from mussels are higher, and reach about 1 cm s There are various designs possible for a system with shellfish to pre-filter suspended particles from the water from the Wadden Sea before it enters the RED power plant. In this study we have workedout two types of configuration:
1. Shellfish placed in a flume system 2. Shellfish placed in one or a series of coupled tanks.
The effectiveness of shellfish in reducing the amount of suspended particles in the water is dependent on many factors such as shellfish species and size, total biomass, residence time of the water, temperature, suspended particle concentrations, etc. To get a better understanding of the effect of these factors, models for both type of configurations have been developed. With these models, calculations can be made on the effectiveness and feasibility of using shellfish for pre-filtration of the water. Moreover, the configuration of the filtration set-up, that will be built within WP3 of this project, can be optimised with the models.
Flume system
Shellfish are placed in a flume ( Figure 7 ) with a length of tens of meters to a couple of 100 meters.
Water with suspended algae and inorganic particles are running through the flume at a constant current velocity. The shellfish filter the algae and the inorganic particles from the water and deposit the sediment (as faeces or pseudo-faeces) on the bottom of the flume of system. From there the sediment has to be collected and dispatched. ) and the total volume of the flume ( , m 3 , calculated as length of the flume multiplied by the cross-sectional area of the flume).
• The individual clearance rate is species and size specific (see Table 2 ).
The model was used to study the sensitivity of the model to various different input variables: 
Effect of total stock
The more shellfish in the tanks, the higher the filtration rate. However, there is a physical, but also a physiological maximum on the number of shellfish that fit in the flume. A sensitivity analysis was run with at total biomass of Pacific oysters ranging from 0 to 1000 kg, with an individual size of 200 g fresh weight. The dimensions of the flume and the flow rate were identical to the previous runs. From Figure 10 , it can be seen that the fraction of water filterd within the flume increases with an increasing stock of oysters. However, this relation is not linear, but has an asymptote at 100%. With increasing stock, the oysters will increasingly re-filter the water in the flume. Since the oysters also occupy physical space in the flume, the volume of the water in the flume and the average residence time of the water in the flume decreases with an increasing amount of shellfish in the flume. In the model, the water volume in the flume is corrected for the space occupied by the shelfish. in the flume. This will probably have an effect on resuspension of the sediment. Moreover, when the flow velocity becomes even higher, the shellfish will stop filter feeding. 
Coupled tanks
Another possible configuration is to place the shellfish in a series of coupled tanks (Figure 12 ). The output of one tank is the input of the second tank. The advantage of using separate containers is that one tank can be taken out of the system for maintenance purposes, while the system keeps running.
The model consists of a variable number of serial coupled tanks with a given volume (V, l). It is assumed that the water within each tank is completely mixed. The tanks are filled with a certain amount (kg) of shellfish of a selected species, that are evenly distributed over the tanks. The volume of water in the tank is corrected for the volume of the shellfish in each tank assuming a specific density of the shellfish of 1 kg l -1
. Water, with a given amount of algae (Chla, μg l 
Figure 12: Schematic overview of the model. The model consists of a chain of coupled 0-D (completely mixed) boxes filled with shellfish. Water from Wadden Sea flows into the first tank, where it is filtered by the shellfish. From the first tank the water flows into the second tank, etc.
The changes in algae and suspended matter concentrations ( and , respectively) in the tanks are described by the following differential equations:
where and are the Chl-a and suspended solid concentrations of the incoming water of a tank, respectively. Q is the flow rate (l h -1 ), V is the volume of a tank (l) and PR is the pumping rate (l ) by all the shellfish in the tank. When the variables pumping rate (PR), flow rate (Q) and input concentrations of Chl-a and suspended sediment from the Wadden Sea are constant, the concentrations in the tanks will reach an equilibrium after a couple of hours. At that time, the filtering efficiency can be calculated from the difference between the concentration of the incoming-and the outgoing water.
The total pumping rate ( , l h -1 ) of the shellfish in the tank is calculated from the individual clearance rates (see paragraph 2.2), assuming that all particles are effectively retained on the gills.
•
The output of the model is the concentration of algae and suspended solids in the tanks, the concentrations at the end of the shellfish filtration system and the production of silt in each tank. For the last variables, it is assumed that all the suspended matter that is filtered by the shellfish will be deposited as faeces and pseudofaeces on the bottom of the tank. This means that it is important that the tanks are designed in such a way that no resuspension of the deposited material by turbulent water movement will occur. If resuspension occurs, the effect of pre-filtration by the shellfish is undone.
Filtration efficiency coupled tanks
The model was run for a chain of 10 coupled tanks, each with a volume of 1 m The results of the standard run are presented in Figure 13 . The left panel shows the cumulative amount of water filtered over the chain of tanks. In the first tank, about 10% of the water is filtered (blue part of the bar). The green fraction of the bars represent the fraction of unfiltered water. By multiplying this fraction to the concentration of the incoming water, the concentration of TPM in each tank can be calculated. The outflow from the last tank in the chain will be the input to the power plant.
In this case 64% of the total particulate matter is filtered by the shellfish within the tanks. In the right panel. The total amount of sediment filtered per day within each tank is given. For these calculations, it is assumed that the concentration of suspended solids in the incoming water is 50 mg l ).
The results can be compared to the simulation for the flume configuration (Figure 10 ). At a total stock of 500 kg (Pacific oysters of size 200 g fresh weight), the filtration efficiency was 66 %. This is slightly better than the 64% efficiency in the coupled tanks. . From Figure 16 it can be seen that the volume of the tanks does not influence the filtering efficiency. This is because the residence time of the water in a tank increases linearly with the volume of the tank, whereas the fraction of water filtered deceases linearly with the volume of the tank and the quantity of filtering organisms (and thus pumping rate) is constant, independently from the volume of water to in the tanks. 
Scenario runs
For the Blue Energy power plant combining shellfish pre-filtration, the water entering the plant should provide food and the suitable environmental conditions to sustain the survival of the shellfish for a couple of months to years. As it can be seen in sections 3.2 and 3.3, 100% filtration is practically not possible with shellfish. However a pre-filtration efficiency of 50% with shellfish can already be very profitable for the power plant. In this section, the model for a coupled tank system (section 3.3) is used to construct preliminary designs for shellfish filtration systems that are capable to filter different orders of magnitude of water from the Wadden Sea. In the configuration scenarios below, we use the Pacific oyster, but mussels will give comparable results.
In this project four different configurations of the reverse electro dialysis plant are modelled (Table 3 ).
The present site is a 50 kW plant. The idea is to scale this site up to a capacity of 1 MW in the near future. A plant with a capacity of about 100 MW is assumed to be economically feasible. water from the Wadden Sea is needed. This is about ten times the amount of water that was used in the previous model runs (paragraphs 3.2 and 3.3). The amount of water needed increases linearly with the capacity of the plant (Table 3) . Table 3 : Amount of salt water from the Wadden Sea needed for six configurations of the power plant. are pumped from the Wadden Sea into the plant. In the configuration 52% of the suspended solids are filtered out of the water. As a result, a total amount of 113 kg sediment per day will be produced by the shellfish filtration system.
In Figure 17 it can be seen that the sediment production per tank varies over the line. The highest production is in the first tank (more than 15 kg per day) and decreases over the line to 7.9 kg per day in the last tank. 
Summary scenario runs
The results of the different configuration scenarios are presented in Table 4 . Calculations are based on a 50% reduction of algae and suspended solids in the water and a suspended solid concentration of 50 mg l -1 at the water intake. As it can be concluded from this table, there is a linear increase of the dimensions (number of oysters needed, solid phase production) with the size of the plant. In this table it can be seen that a huge, and unrealistic, amount of oysters are needed to filter the water. For each MW half a million oysters are needed to filter the water with 50% efficiency. The total production of pacific oysters of the whole Dutch oyster sector from 2004 to 2009 was about 26 million oysters per year (Taal e.a., 2010) .
Also the total amount of solid phase production is high. Each day the oysters needed for 200MW plant produces on average 440 tons of solid waste which has to be removed. Moreover, the same amount of suspended material goes into the plant, and need to be removed from the membranes as well as from the tanks. and inorganic particles) larger than 2-5 µm. The organic particles (algae and detritus) can be used as a food source and the inorganic particles are excreted as faeces or rejected as pseudofaeces. The clearance rate is species specific and depends on the size of the shellfish.
Since the shellfish are living organisms, it is important that the water quality in the tanks is suitable to survive. The water in het whole system should contain enough food and oxygen for the oysters to survive over a longer period and even to grow. Therefore, the shellfish will not be able to filter the water 100%. A reduction of 50% of the suspended sediment concentration, from 50 mg l , seems to be feasible.
In general, the water from the Wadden Sea contains enough food and oxygen for shellfish such as Pacific oysters and mussels. However, if the tanks are in a line, the food (and possibly oxygen) concentration will decrease due to the filtration and respiration activity of the shellfish. In the calculations presented in this study, the food concentration in the last tank is only 50% of the food concentration of the incoming water from the Wadden Sea. In order to keep the shellfish in the last tank in a good condition, it is probably necessary to reverse the tanks in the line (or the flume system) from time to time (every week). This can be done by installing bypasses. When the tanks are in cascades, probably also pumps are needed. Particularly at higher temperatures, reaeration of the water is recommended to prevent low oxygen concentrations.
Shellfish species
Various species, such as mussels, Pacific oysters, European oysters and cockles, can be used in the tanks to pre-filter the water. Pacific oysters and mussels seem to be the best filterfeeders. Besides the differences in filtration capacity between the species there is also a difference in the culture techniques. There is quite some experience in the culture of mussels and Pacific oysters. Both shellfish species can be cultured on ropes (mussels) or in baskets (Pacific oysters/mussels) that are placed in tanks with water. They are also robust against varying environmental conditions. There is less experience with the culture of European (flat) oysters in tanks. Cockles live buried in the sediment with their inhalant and exhalent siphons in the water. In contrast to the 3-dimensional filtration structures of the oysters and the mussels, the cockles create a less efficient 2-dimensional structure.
Therefore, the use of cockles to pre-filter the water seems to be less promising than for Pacific oysters and mussels.
Commercial aspects of using shellfish
To pre-filter the incoming water for the RED power plant, huge amounts of oysters (or mussels) are needed. For a 1 MW power plant, almost 50 tons of Pacific oysters (0.5 million individuals with an average size of 100 g each) are needed to filter 52% of the suspended particles from the water. The
Pacific oysters can be bought from oyster farmers. If the oysters come from the Oosterschelde or the Grevelingenmeer, they are not allowed to enter the Wadden Sea. They should be kept on land and measurements should be taken that no organisms could be introduced in the Wadden Sea with the discharge water. Alternatively, the oysters can be collected into the Wadden Sea. Commercial fishery for Pacific oysters in the Wadden Sea, however, is not allowed. Pacific oyster can only be harvested by commercial hand-picking.
Alternatively, small mussels from seed mussel collection devices (MZIs) in the Wadden Sea can be used. The MZIs are harvested at the end of the summer. Since the mussels from the MZIs are small, the filtration capacity per kg is high. During wintertime, the mussels can be used in the filtration systems (tanks or flumes) on land. Since predation can be controlled, the survival of the mussels might be higher than on the commercial culture plots in the Wadden Sea. In the next summer the mussels can be replaced by new mussels from the MZIs and the "old mussels" can be sold back to mussel farmers who can use them on their culture plot.
If the shellfish in the systems are well-managed in the tanks, they can grow and develop over time and sold in a later stage at a higher price. Especially the shellfish in the first tank have access to a relative good quality of water and food from the Wadden Sea and will grow well. If the sequence of the tanks in a line is altered from time to time, all shellfish can profit from the relative high food concentrations in the water from the Wadden Sea. The selling price will depend on the quality of the shellfish, which largely depends on the season. Most probably, there will be some losses in the tanks due to mortality. In order to keep a good water quality, dead shellfish should be removed from the tanks as soon as possible. The growth and mortality of the oysters in the tanks need to be monitored in detail during the planned experiment at the site.
A complicating factor in selling the oysters or mussels from the tanks directly to the market is that the tanks are not regarded as a shellfish production area. This means that they cannot be sold directly for consumption. Eventually, the oysters or mussels can be sold back to an oyster or mussel farmer who can bring the oysters to his culture plot in the Oosterschelde or the Wadden Sea. However, this procedure should be checked at the Netherlands Food and Consumer Product Safety Authority (NVWA).
Sediment removal
The water from the Wadden Sea contains relative high concentrations of suspended particles. The concentration of suspended particles shows a spatial and seasonal varying pattern (Brinkman, 2015) and is in the order of magnitude of 50 mg l -1 (varies between 10 and 100 mg l -1
). Specific measurements at the intake location will give more detailed information on the local suspended solid concentrations, particle size distribution and seasonal fluctuations. For the RED process, it is important that the concentration of suspended particles in the water can be reduced before it enters the plant.
The shellfish are efficient filter-feeders and are capable to remove particles (> 2-5 µm) from the water. Since 100% sediment removal by shellfish filtration is not feasible, a second (mechanical) filtration is needed. The total amounts of sediment that has to be removed daily is huge. For a 1 MW plant, the total amount of suspended solids that have to be removed is more than 4 tons per day.
Assuming that half of this amount is filtered by the shellfish, more than 2 tons of sediment per day needs to be removed from the filtration system (tanks or flume). The system should be designed as such that the collection of the deposited sediment is easy. The tank could be designed with a funnelshaped bottom with a collection valve. On the bottom of the flume, a conveyor-belt system could be constructed.
The suspended particles that are filtered by she shellfish are excreted in the form of faeces and pseudofaeces and deposited on the bottom of the system. It is important that the flow velocities within the tanks or in the flume are not too high to avoid that the deposited sediment is resuspended.
On the other hand, if the flow velocities within the system is low, there will also be natural sedimentation of particles from the water, even without filtration activity of the shellfish.
are also filterfeeders and will help in filtering the water. However, if the biomass becomes too high, they might have an impact on the shellfish or they might obstruct the water flow through the system.
In the design of the shellfish filtration system, one should take into account that maintenance works to remove fouling organisms could be applied.
Experimental design
For the next phase of this project (WP 3), an experimental shellfish filtration system will be constructed at the site on the Afsluitdijk. With this system experiments can be carried out and measurements can be done. The goal of these experiments is to test at which extent the shellfish are capable to pre-filter the water from the Wadden Sea and to verify if the combination of shellfish aquaculture together with energy production is technically and economically feasible.
A construction can be built with a line of 1 m 3 tanks with a funnel-shaped bottom. Also a small-scale flume could be constructed. Oysters and/or mussels will be placed in baskets in the tanks. The tanks will be covered in order to prevent the development of macroalgae in the tank and predation by birds.
On a regular basis, measurements will be done to monitor the performance of the filtration system.
Parameters that could be measured are: The results of these measurements can be used to validate the model and to improve the design.
The measurement on the shellfish should be done on a regular basis (e.g. monthly). Shellfish can be marked individually using microchips at the start of the experiment. Sizes of the shellfish (length, fresh weight) can be measured. Mortality can be calculated from the loss of shellfish. On the basis of this accreditation, the quality characteristic Q is awarded to the results of those components which are incorporated in the scope, provided they comply with all quality requirements.
The quality characteristic Q is stated in the tables with the results. If, the quality characteristic Q is not mentioned, the reason why is explained.
The quality of the test methods is ensured in various ways. The accuracy of the analysis is regularly assessed by participation in inter-laboratory performance studies including those organized by QUASIMEME. If no inter-laboratory study is available, a second-level control is performed. In addition, a first-level control is performed for each series of measurements.
In addition to the line controls the following general quality controls are carried out:
 Blank research. 
